Summary statement

31
The article represent an experimental study in which we investigated the effect of the 32 ssalinty on the communicating cells ( 
Materials and methods 140
I-Fish source and transportation 141
The common carp, Cyprinus carpio. was obtained from a private fish farm at El-142 Dakahlea Government and transported in large water tanks. During transportation, the 143 oxygen level was maintained at 5 mg/l and water tank temperature was 23°C ±3 and pH 144 value at 7.2 -7.5. 145
II-Fish acclimation 146
Apparently, healthy fingerlings fish measured about the length of 7±2 cm and aged 1 147 month old. The body weight was 10±2 g, and. Fish were collected and transported to the 148 wet laboratory at Faculty of Veterinary Medicine, South Valley University, Qena, Egypt. 149
Fish were maintained under laboratory conditions during adaptation in running water 150 (salinity = 0.2 ppt) for 3 weeks before conducting the experiments and fed twice daily to 151 ad libitum feed on a commercial floating powdered feed containing 45% protein with a 152 feeding rate of 3% of their body weight. 153 8 154
III-Aquaria 155
Fish were originally kept in a re-circulating system in porcelain aquaria (260 ×65×70cm) 156 according to the protocol of maintaining bioassay fish as was previously described 157 (Ellsaesser and Clem, 1986). Experiments were conducted in fiberglass aquaria with 158 dimensions of 60×30×40 cm. Dissolved oxygen level was maintained above 5 mg/l while 159 water temperature was kept at 23°C ±3 and pH value at 7.2 -7.5. 160 161 IV-Salinity exposure 162 36 acclimated, apparently healthy Common carp, C. carpio were selected with a body 163 weight range of 9 -11 g to serve as the experimental groups. Fish were divided into 12 164 fiberglass aquaria (60×30×40 Cm) to serve as 4 experimental groups, each group contains 165 9 fish, and there were 3 replicates for each salinity group. Three groups were gradually 166 subjected to three different salinities until concentrations of 6, 10 and 14 ppt with 2 g/L 167
NaCl increase every two days. The fourth group was reared in freshwater; a dechlorinated 168 tape water of 0.2 ppt salinity level and considered as control group. Water was changed 169 every two days with water that had desired salinities, and aquariums were also cleaned at 170 this time. Salinity was checked and adjusted regularly every two days during a water 171 change. When common carp reached the final desired salinity, fish were allowed to 172 acclimate to the new salinities for a minimum of two weeks before sample collections. 173
174
V-Clinical examination of fish 175
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Fish were observed daily during the course of an experiment for any apparent clinical 176 signs, lesions or mortality. Mortality rate was calculated from the number of dead fish 177 between each sampling period. 178
179
VI-Fish sampling 180
At the end of the period, nine fish were decapitated in each salinity level. Gill filaments 181 and gill arches of both sides were dissected and fixed in glutaraldehyde (10 mL of 2.5% 182 glutaraldehyde and 90 mL 0.1 M Na-phosphate buffered formalin). 183 184 VII-preparation of resin embedding specimens for semi-thin and ultra-thin 185 sectioning 186
Fixed samples of gill filaments and arches were cut into small pieces. They were washed 187 4 times for 15 minutes in 0.1 M sodium phosphate buffer (pH 7.2) then were post-fixed in 188 1% osmic acid in 0.1 M Na-phosphate buffer at 4°C for 2 hours. The osmicated samples 189 were washed 3 times for 20 minutes in 0.1 M phosphate buffer (pH 7.2). Dehydration 190 was performed through graded aceton (70, 80, 90, 100%), 10 minutes for each 191 concentration. The dehydrated samples were immersed in a mixture of aceton/resin (1/1 192 for 1day, ½ for another day) and pure resin for three days. The resin was prepared by 193 using 10gm ERL, 6gm DER, 26gm NSA and 0.3gm DMAE and thoroughly mixed by a 194
shaker. The specimens were embedded in the resin at 60 C° for 3 days. Control and 6ppt salinity exposed groups exhibited normal morphology and behavior and 222 had no noticeable signs of stress and no mortality. However, marked reduction of 223 swimming speed and fish were easily caught in 10 and 14 ppt salinity treated fish. 224
225
By semi-thin sections, intraepithelial telocytes had a small cell body and well-defenind 226 telopodes in control samples ( Fig. 1A, E, I ). They were gradually enlarged in size during 227 exposure to different levels of salinity. In 6 ppt, intraepithelial telocytes were satellite in 228 shape (Fig. 1B, F, J) . In 10 ppt and 14 ppt they were large satellite cells with multiple 229
telopodes Fig. 1C, D , G, H, K, L). stromal telocytes were small and had spindle-shaped 230 cell body form which extended fine telopodes in control samples ( Fig. 2A, E, I ). In 6 ppt 231 salinity concentration, some stromal telocytes were enlarged and telopodes formed a 232 network (Fig. 2 B, F, J) . Telopodes formed an extensive network; secretory vesicles were 233 large and could be easily recognized in samples treated with 10 and 14 ppt salinity levels 234 (Fig 2 C, D vesicles of the telopodes were excreted in the intraepithelial lymphatic space (Fig 4 A,  244 . CC-BY-NC 4.0 International license peer-reviewed) is the author/funder. It is made available under a The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/115881 doi: bioRxiv preprint first posted online Mar. 10, 2017; B). In samples treated with 60 ppt salinity level, intraepithelial telocytes undergo 245 hypertrophy and telopodes were thickened (Fig. 4 C-H) . 246
247
In 10 salinity concentration, intraepithelial telocytes was hypertrophy associated with 248 enlargement of the podoms. They also acquired high secretory activity. Intraepithelial 249 telocytes established planar contact with chloride cell (Fig 5A-E) . In 14 ppt salinity 250 level, telocytes shed secretory vesicles, exosomes, and multivesicular vesicle into the 251 intra-epithelial lymphatic spaces. Intra-epithelial telocytes established planar contact with 252 chloride cells (Fig 6A-D) . (Fig. 8 F) . The prominent features of high salinity changes were 263 irregular surface telocyte, waviness, and thickening of telopodes (Fig 7 G, H) . They 264 exhibited higher secretory activities in salinity levels reached 6, 10, and 14 ppt ( (Fig. 9A, B) . The secretory 297 vesicles of the telocytes were observed in the surface epithelium ( Fig. 9 C, D) . 298
Intraepithelial telocytes established planar contact with pavement cell (Fig. 9E ). In 299 control samples, Pavement cells were flattened with short microvilli (Fig 4A) . Pavement 300 cells undergo modifications in salinity treated samples They enlarged in 6 ppt treated 301 samples (Fig. 9C) . In 10 ppt salinity concentration, they were cuboidal in shape (Fig.  302   9E ). Pavement cells became elongated and appeared columnar-shaped in 14 ppt level of 303 salinity (Fig. 6A) . The micro-ridges became thin, elongated and extended beyond the 304 epithelial surface. Micro-ridges could be seen attached to or enclosing the secretory 305 vesicles of the telocytes. The surface of pavement cells formed pit-like invaginations 306 (Fig. 6 C, D) . 307 308 Intraepithelial telocytes established planer contact with Chloride cells (Fig. 5D, 6C) . 309
Chloride cells undergo structural modifications during elevation the level of the senility. 310
By TEM, they enlarged, and increase in number gradually depending on salinity 311 concentration. the mitochondrial number increased and changed their morphology from 312 rounded or oval in control group to elongated cigar-shaped in treated samples. Chloride 313 . CC-BY-NC 4.0 International license peer-reviewed) is the author/funder. It is made available under a The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/115881 doi: bioRxiv preprint first posted online Mar. 10, 2017; delivered the secretory vesicles of telocytes which were transferred through the intra-314 epithelial lymphatic space (Fig 10 A-D, Fig. 5C, Fig. 6A ). Amount of mitochondria in the 315 chloride cells was also evaluated by using Heidenhain's Iron-Hx. Mitochondria appeared 316 as black granules which increased with the level of the salinity (Fig. 3E-H) . 317 318 319 320 Discussion 321
The current investigation was carried out to evaluate telocyte response to salinity stress 322
and their relation to osmoregulatory and immune cells. We detected telocytes in semi-323 thin sections using toluidine blue, methylene blue and Heidenhain's Iron-Hx, and ultra-324 thin sections to examine ultrastructural modifications in telocytes in relation to epithelial 325 and stromal cells. 326
327
In the current study, telocytes undergo morphological alternations during salinity stress. 328
They were spindle-shaped with fine telopodes in control samples. No significant changes 329 occurred in telocytes in 6 ppt salinity levels, while some telocytes exhibited higher 330 secretory activities. Telocytes shed large secretory vesicles, some populations of 331 telocytes had enlarged cell body, and telopodes became thicker and formed an extensive 332 network, in samples treated with 10 and 14 ppt salinity levels. .
2013). They were rich in proton pumps which regulate acid-based balance (Laurent, 383
Goss et al. 1994; Perry and Fryer 1997). 384 385
In the current study, common carp couldn't sustain salinity levels more than 10 ppt. High 386 mortality rate in fish aquarium began in 12 ppt and was markedly increased in 14 ppt. 387
Mangat and Hundal investigated salinity effect on Cyprinus carp survival in different 388 seasons. They used 0, 1.5, 3, 6, and 12 ppt for 60 days. All fish are viable and survive at 0 389 ppt to 6 ppt salinity during all seasons. Only 50% survive at 12 ppt salinity during winter 390 
telocytes in control samples. They had small cell body (arrows) and prominent telopodes 580 (arrowheads). Note the red arrows refer to the basal lamina. B, F, J: showed 581 intraepithelial telocytes during exposure to 6 ppt salinity level. The cell body enlarged 582 and were satellite in shape (arrows). Note telopodes (arrowheads). C, G, K: cell body 583 undergo hypertrophy and became large satellite (arrows) of the intraepithelial telocytes 584 exposed to 10 ppt salinity level. Note telopodes (arrowheads). D, H, L: the cell body 585 (arrows) of the intraepithelial telocytes increased in size in 14 ppt salinity level. Note 586 telopodes (arrowheads) 
